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1Transform for hyaloronic acid was a stepwise linear interpolation; 2[Hyaloronic acid] was log10 transformed; 3The hazard ratio for hyaloronic
acid is not shown because it changes throughout the range of hyaloronic acid values, due to the stepwise linear interpolation of the time-
dependent variable; 495%-Confidence interval given in brackets; 5Adding [Hyaloronic acid] improves the model significantly (p=0.022,
likelihood ratio test). 
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FIGURE 1 Analysis of uHA Concentrations and ROC Curves at 4 h, 12 h, and 24 h
(A) Mean uHA concentrations at various time points before and after cardiopulmonary
bypass (CPB). (B) uHA concentrations corrected for urine creatinine excretion. Error bars
are SE. *p # 0.05 between groups (AKI, non-AKI) at the respective time point without
adjustment for multiple comparisons. (C) ROC curves for HA at 4 h, 12 h, and 24 h. (D) The
AUC for HA and existing biomarkers of AKI. The AUC for uHA is signiﬁcantly greater than
that for the existing biomarkers (HA compared with Cystatin C: p ¼ 0.0128; HA compared
with KIM-1: p ¼ 0.0001). #p < 0.05 versus other biomarkers. (E) Cox proportional hazards
models for HA and clinical covariates. AKI ¼ acute kidney injury; AUC ¼ area under the
curve; CI ¼ conﬁdence interval; HA ¼ hyaluronic acid; ROC ¼ receiver-operating charac-
teristic; uHA ¼ urinary hyaluronic acid.
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738for CSA-AKI at one institution. Our results require
validation in larger multicenter studies.
In summary, our preliminary study indicates that
uHA has the potential to become a highly useful
biomarker for early prediction of CSA-AKI.*Alexander Zarbock, MD
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Lewis Index Be More
Speciﬁc, Without
Marked Reduction of
Sensitivity, in ECG
Diagnosis of RVH?Whitman et al. (1) should be congratulated for their
important contribution on the electrocardiogram
(ECG) diagnosis of right ventricular hypertrophy
(RVH). The authors’ database comprised 3,719
patients with normal left ventricular morphology
and function who had an ECG and a cardiac magnetic
resonance imaging–based assessment for RVH and
were free of clinical cardiac disease, although some
patients had hypertension, diabetes, or hypercho-
lesterolemia. The authors implemented 22 ECG
diagnostic criteria (Table 1 in their paper) and found
that “a total of 6% had RVH, which was generally
mild,” and that the “ECG criteria were speciﬁc
(many >95%) but had low sensitivity.The positive
predictive values were not sufﬁciently high as to be
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739clinically useful (maximum 12%)” (Table 4 in their
paper). Use of these criteria for the diagnosis of RVH
may be different in patients with cardiac disease,
although “the clinical usefulness of screening ECG
would be precisely in individuals without a previous
diagnosis of signiﬁcant cardiac disease.” This boils
down to giving up on the ECG for the diagnosis
of RVH and relying only on cardiac magnetic reso-
nance imaging (best test) or echocardiography (most
feasible). Before we do this, it is instructive to
scrutinize Table 1 in the article by Whitman et al.
(1), which shows that of the 22 ECG diagnostic
criteria for RVH, 7 derive exclusively from the limb
ECG leads. This is good, considering that accurate
placement of the precordial ECG lead electrodes is
generally problematic; thus, relying on the limb ECG
leads has some advantages, ensuring more accurate
and reproducible ECGs for the diagnosis and follow-
up of patients with RVH. The common thread in the
ECG criteria for RVH, using the limb leads, is that
vectorial forces directed downward and to the right
(lead III) and away from upward and left (lead I)
portend RVH. This is the essence of the Lewis index
of RVH ([RI þ SIII] – [SI þ RIII] <15 mV) proposed
in 1914.
Considering the variation in the amplitude of the
QRS complexes (and therefore of R waves and S
waves) due to many cardiac and extracardiac mech-
anisms, the changes noted in serial ECGs from
healthy subjects, and that patients have a range of
types and severity of heart and other diseases, it is
disquieting to rely on an absolute value (i.e., <15 mV)
to diagnose RVH using the Lewis index. It is inter-
esting to consider whether a modiﬁcation of (RI þ
SIII) – (SI þ RIII) to (SI þ RIII)/(RI þ SIII) would provide
some advantages. Looking at Table 4 in the paper by
Whitman et al. (1), the Lewis index had the highest
sensitivity (80.4%) and the lowest speciﬁcity (16.8%)
of all the diagnostic criteria, with a positive predictive
value of 5.8%, which fell between the lowest (2.5%)
and the highest (12.0%) positive predictive values.
Is it possible that these values would change for the
better in an additional analysis by the authors,
and the other investigators they cite, using the pro-
posed ratio?*John E. Madias, MD
*Division of Cardiology
Elmhurst Hospital Center
79-01 Broadway
Elmhurst, New York 11373
E-mail: madiasj@nychhc.org
http://dx.doi.org/10.1016/j.jacc.2014.03.058RE F ER ENCE
1. Whitman IR, Patel VV, Soliman EZ, et al. Validity of the surface electro-
cardiogram criteria for right ventricular hypertrophy: the MESA-RV Study
(Multi-Ethnic Study of Atherosclerosis-Right Ventricle). J Am Coll Cardiol
2014;63:672–81.REPLY: Would a Modiﬁed Lewis Index
Be More Speciﬁc, Without Marked
Reduction of Sensitivity, in ECG
Diagnosis of RVH?We thank Dr. Madias for his interest in our paper
(1) regarding the American Heart Association–
recommended criteria for the screening of right ven-
tricular hypertrophy (2). Dr. Madias proposes that a
ratio, rather than an absolute difference, of infero-
rightward forces to supero-leftward forces may
discriminate adults with right ventricular hypertro-
phy from those without. Speciﬁcally, he wondered
whether modiﬁcation of the Lewis criterion (RI þ SIII)
– (SIþRIII) (3) to (SIþRIII)/(RIþ SIII) may have better
performance. We conducted an analysis of (SI þ
RIII)/(RI þ SIII) as a continuous variable in partici-
pants with normal left ventricles primarily and a
subsequent analysis of the entire cohort of 4,062
participants. The areas under the receiver-operating
characteristic curves were w0.52 in both analyses,
showing that this modiﬁed criterion performed no
better than “a ﬂip of the coin” in identifying right
ventricular hypertrophy in a multiethnic cohort of
clinical cardiovascular disease–free adults.*Isaac R. Whitman, MD
Steven M. Kawut, MD, MS
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*Division of Cardiology
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